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■ •„ k,, th*. use of pamaq uine derivat ive ^'-(-l- _ 
M.,h»H far the ^tment of mi Mm by the use ot rr g 

— , nnP x n 4 /«- ™thn«v-8-auiP"» "v"-1 .4-pentanediamme as 

£ljll |i li j n ^^^ < ,hyrlrnfiiran-2-oneVN l p-memox X — y 

nametocY tnf'riai agent 

Field of t he invention: _ _ 

a£L -^^~;ve„ ti o„ relates to a method of treatment of malarta by the use f 
primaquine derivative N' - (3.eth y ,idino,etxah y drofura„-2-one)^ - (6-methoxy-Mu.no ny«- 
Ztanediamine as a gametocy.ocida, agent. More panicky, .his >»™^ 
use of primaquine derivative N'- (3-e,h yl idinotetr Ay dro«rra n -2-o„e)^- (6-me.ho* -S 

„, „f formula 1 shown below useful for controlling the spread of 
quinolinyl)-l,4-pentanediamme of formula l snown m 

nralaria by virtue of its high therapeutic value as a gametoeytocidal agent. 
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(1) 



The primaquine derivative of the present invention does not damage either normal or G-6PD 
deficient erythrocytes to the extent it is observed with the use of primaquine. 

Background "f the invention: Nation 
Malaria is one of the most serious protozoa, infections in man. Accordtng to es mat.on 
made in the 90X about 300 to 500 million people develop clinical infection and one rn^or, . £ 
of severe infection ever. year. In d,a is a,so among the countries to have endetmc regt s o * 
disease K is, therefore, of prime concern and requirement to have therapeuttcal ly saf e ^ 
multiple use, espectally those that bloc, transmission of malaria through the — ~ 
endemic region, A recent report of resurgence of malaria after a long gap of 40 years from ..al y 
through transmission, highlights our concern [The Lancet, 350, 717 (1997)]. 
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Malaria is caused by infection with any one of the four species of Plasmodia. The life 
cycle of Plasmodia is complex and comprises a sexual phase (called sporogyny) in the mosquito 
(a vector) and an asexual division (called schizogyny) in humans. The life cycle starts after 
injection of sporozoites by the bite of an infected female anopheline mosquito. Sporozoites then 
rapidly enter into liver parenchymal cells where they undergo exoerythrocytic schizogony 
forming exoerythrocytic stage of tissue schizonts which mature and release thousands of 
merozoites in the bloodstream upon the rupture of infected cell. Some of these merozoites enter 
erythrocytes where they transform into trophozoites and schizonts. The mature schizonts rupture 
and release merozoites into the circulation, which can infect other erythrocytes. This is termed as 
asexual schizogony (erythrocytic cycle) and it is this periodic release of merozoites which is 
responsible for characteristic periodicity of the fever in malaria. After several erythrocytic 
cycles, some erythrocytic forms differentiate into sexual forms called gametocytes. In P. vivax 
and P. ovale infections, some of the sporozoites after entering the liver cells are known to remain 
dormant and form the latent tissue stage called hypnozoites. These hypnozoites upon activation 
develop secondary tissue schizonts, which are responsible for the recurrence of malaria called 
relapsing malaria. The 8- aminoquinoline antimalarial drugs of which primaquine (PQ) is of 
exceptional importance, have been demonstrated to possess activity against several life cycle 
stages of the parasite. These agents are active against the primary tissue schizonts, thus 
functioning as causal-prophylactic agents, against the secondary exoerythrocytic forms and 
curing relapsing forms of malaria. The transmission of malaria as discussed earlier, is through 
the injection of sporozoites by the bite of mosquitoes. These sporozoites develop in the mosquito 
feeding on an individual carrying mature gametocytes. The male and female gametocytes upon 
. ingestion by a female anopheline mosquito fertilize and transform into zygote and ookinete 
stages. The ookinetes pierce through the epithelium of the midgut where it rounds up into the 
oocyst. A single oocyst contains as many as 10000 sporozoites. Primaquine has no sporontocidal 
activity when provided directly to the insects but has strong gametocytocidal activity and even 
stops transmission of resistant isolates when mosquitoes are fed on infected blood from 
primaquine treated animals. Thus, primaquine is also a strong transmission blocking agent. 
However, primaquine even being associated with radical curative and gametocytocidal activities 
is not in use as a prophylactic agent. 

The practical problems associated with use of 8- aminoquinolines are mainly related to 
their toxicity because of prolonged use in radical treatment required due to fast metabolism of 
the drug. Primaquine is known to induce hemolytic lesions in patients suffering from a 
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(C fiPD^ a genetic condition common among 
a — complication of 

;c pnHetnic. Anemia is » 

inhabitants in regions where n,a,«..„ ---- uno mine functionalities, 

hemolysis Primaoume produces metabolites „ k e o- u,„ one »d P* rf erythrocyte s causing 
wWch because of their o,da,ive nature, oxidise unsatu ^ ^ ^ ^ ^ 

red Hood cel, (RBC) lysis. The reduced glutathione OSSG reduction. 

i rrQMiQ maintained through NAUm wuu 
metabolites and the level of GSH . man,, ^ ^ ^ MC , ysis 

NAD PH is regulated by G-6PD and hence G-6PDd toe ^ ^ fey 

Primaquine is the on,y an—, dnrg, wh.c ,nh,b *e d J ^ ^ 
.nterfering a, several stages of ^J^^^,,-^-^ 

structural modification to prov.de a molecule w,< mani fes.a.ion in 

with ,ow toxicity. The study of the fate of pnmaqum ^ „ (he „ ew molecul e. A 
rel a,ion with metabolites will therefore, gu.de the d,rec,.on 

brief discussion of primaquine metabolism is g.ven here. % rf ^ 

Following or, admiration 

radioactivity was found in l.ver ..ssue, and 22 A the g, ^ 
»<, pancreas while 25 % reached in ,0 the plasma. Thus, pnmacume 

on , y a small portion actually reaches the plasma. ^ a( 



HDPQ) of the formula (4) 
OH 



OH i 

to 

Jf (4) 

acid of the Formula (12). 
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(12) 

CH 2 -CH 2 -CH 2 -COOH 
I 

CH 3 

The catbo^c acid derivative i. the tnajor metabo.ite of primaquine in the human 

Strother - a, Rifled identify n—es from the utine of prin,aq*n , , do g s 
as 5 . hy drox y -6- m e.hox y -8-(4-a m ino. I - m e,h y ,bu, y .a mi no) qu.nohne the 

d i h y droxy-6-me.hox y - 8 -(4-a I n,no-l-methylbu, yl ammo) qumohne of the For 

be,L [I Strothet, 'MetaboUsm of .-amonoquinoiine antimalana, agents B*,u, 

World Health organisation, 59, 413-425 (1981)]. 



plasma. 
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Among N-dea. k ylated derivatives of primage meuWi.es were identified as 6-» - 
anjcuino.ine of formula 00) P . D. Batv e, a, "The identif.oat.cn of ^o-»xy* 
amino ui„o,i„e as a metabolite of primaquine in Man'. — M- * 
304-306 (1975)] and 8-<3-carboxy- 1 -me,h y .propylamino)-6-r„e.ho X y qutnolme of formula ( ) 

. k , fl K Baker et al 'HPLC analysis of the metabolism of primaqmne and the 
shown below. [1 ti BaKer, et ai nr^ , , M m 77 

identification of a New Mammalian Metaboiite' J.urna. of Chromatography, 230, 

(1982)]. 
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CH 2 -CH 2 -CH 2 -COOH 
I 

CH 3 
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A blue colour metabolite derived from 5-hydroxy-desmethylprimaquine was identified as 
tricyclic quinominc of formula (8) shown below [A. Strother et al 'Metabolism of Primaquine by 
various Animal species' in Primaquine: Pharmacokinetics, Metabolism, Toxicity and 
Activity, pp 27-48 (1984), John Wiley & Sons]. 
O 

MeO 




CH 2 
^CH 2 -dH-CH3 



(8) 



Therapeutic Activity of Primaquine and its Metabolites 

Primaquine has blood schizontocidal activities whereas its desmethyl derivative has little. 
Two 5-OH derivatives of the formula of (3) and (4) shown above are highly active. The 
quinolines that lack the side chain of 8-position but have merely amino substituents shown in the 
formula (10) above and formula (1 1) below have no significant activity. 
OH 
OH I 




N' 



(11) 



In marked contrast is the observation that the dealkylated derivatives of the formulae 10 
and 1 1 retain their tissue schizontoidal effect. They are two to three times more active than 
primaquine. 

The direct sporontocidal activity of PQ and of these putative metabolites is poor against 
the oocysts development when mosquitoes are fed on treated animals that supply the 
gametocytes. Primaquine is quite inactive as sporontocide when given directly to the insect, but 
is a very potent gametocytocidal agent. 

The 5-hydroxy derivative of the formula (4) of desmethyl primaquine shows only a slight 
gametocytocidal activity. Desmethyl primaquineof the formula (5) shown below and 5-hydroxy 



6 



o o 



... formuia - — c acid of the fonrru.a 0, — ''jr. O^o" 

..... .u.„,»,i„ n that two of the quinotmes u. 

particular interest is u» >~~ - sporo ntocidal. IW Keters 

^^^"^^^^2^*2 — tes a g ainst rodent nraiaria' 
„ 'The activity of pnnraqume and « £ ^ 93 .,0H»S4), John 

Primaquine: Pharmacokinetics, Metabohso., To*.««v 



Wiley & Sons]. 



O 




(5) 



Jo^m^I^^^^^ aooears to have little oxidant activity 

^^^ la (2) shown below Use appea ^ ^ ^ ^ 

even when incubated with G-6PD decent erythrocytes I. DehydrogenaS e 
Deficient Individuals', Annals of the Mew 



John Wiley & Sons]. 



MeO 




(2) 



formu ,a c,„ r 0= n . r= - ^ ph _ kineto Md b— 

reduced glutathione (GSH) |K. a. r 
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' . .. . „„ 4Q.M (1984). John Wiley «»oo»)- 

Metabolism, Toxic.ty an„ «»..»,. ,, ~ - - of pnmaq uine crcula.ing in 

Theca rt ,OK y licacidofthefom,u,a(.2,,a m a or ^ ^ ^ 

the pl asma, Has no, shown any anttma, ana, acuv , « ^ - ^ ^ 

significant to the toxicty of primage althoug ^ s name , y „. . (3 . 

M^B*-^ — P-^^^. ,, 4 . pe „ ta „ed ia mine a t 
acay ,.4,5-dihydro-2-furanyl) " " J irfecti0 „ in monkeys . The derivative 

m g* g X3 doses against sp— induces /> p ^ s . K . Pu „, V. 

also exerts anti-relapse (r a dica, curative, ac^* ( ^ & ^ 

C P-ey, M. Seth, ^^^^ L uri and M. Seth, Am. , Trop. Med. 
Diseases, 286 (1998), G. P. Dutta, S. K. Pun, ^tonality. 

Thus from the above stud.es, .t Qime ,ocvtocid a l which are also 

activities such as blood schizontocidal, tissue s~, ^ ^ oarboxylic 

^VV--^'^^^!^!,. The metabolites o f 
a cid of the formula (U) though a mapr — ^ rf , he formula (8) is 

primaquine are also responsible for ,,s toxrc.ty. The tncychc , f 
active bu, less toxic which therefore, suggests " * (y ^ be modulat ed. 

burst accrues very fast. Theretore, . ig of a basic nature with a free 

t0 prepare primage prodrug of " — We derivatised this 

a mino functionality, wh.ch ,s . po.nt of metabolism gamet0 cytocidal a ction a nd 

am i„o h—y , e— and <^£ZZL~ -ivery of amino 
methemoglobin toxicity. Enammones are a funcuonal g P 

dM , en— denvative of a of L amine ,o be released 

transport across biological membranes a nd allow high c 

close to the site of action. This Actional ^up provrdes res,s^« ■ ^ 

shown in formula (!) on two accounts. M. * e 

through side chain a nd secondly, compound of enhanc^ P P^o c ^ ^ 

heuer in the tissue, especially in the liver where h„n ^ 
lhe preparation of enaminone deriv a ,ive of formula (!) and 
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effects and its safe* profi.es are mentioned here As a.ready mentioned earner a, the begmn.ng 
search for a safe game.ocytocdal agent is needed for two reasons, firstly, to No* the 
're urrence of maiaria in non-endemic regions where ma.ana has aheady been erad catc througn 
vector contro, methods by individual visiting endemic regions, and secondiy, to bio* spread of 
even resistant strains. 

Primaquine and its putative metabolites are shown below: 
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UEJ£a ^nr^To f the invention is to provide a new primage derrvattve - » 
enami l Ltionalitv having —ocida, acvitv an, .ow —V - - - a 

"tirSc, of the invention - ,o provide a new prima,ui„e derivative - fa— 

P— — towards hy dro ly t.c cleavage a, acidic P H as compared - 

Upophilic character ,o facilitate better penetration in the trssue espec.aUy « 

hypnozoites reside. ^manuine derivative with a high 

It is a further object of the invention to prov.de a new primaquine 

1,4-pentanaiiamine as a gametocytocidal agent. 

.wa-a rt^rription of the invention „ rim aauine derivative of 

^—~„„ provides a n^od of treatment of malar,a usmg a pnma^ne 

fcrmu.a (,) shown helow wi, h the enammone — litv *™%£Z » ^ 
,„w tonicity as a —ion blocker. The method P—ica! 
particular!, human, infected with malaria, a compound of formula (1) 
composition containing said compound of formula (1). 
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In another embodiment, the invention relates to a method of treatment of malaria using a 
new primaquine derivative for facilitating controlled delivery of amino drugs. 

In a further embodiment, the invention relates to a method of treatment of malaria using a 
primaquine derivative having slow metabolic degradation through the side chain modification. 

In yet another embodiment, the invention relates to a method of treatment of malaria 
using a primaquine derivative with enaminone functional group providing resistance towards 
hydrolytic cleavage at acidic pH as compared to the plain enamine. 

In another embodiment, the present invention relates to a method of treatment of malaria 
using a primaquine derivative with enhanced lipophilic character to facilitate better penetration 
in the tissue especially in the liver where hypnozoites reside. 

In another embodiment, the present invention relates to a method of treatment of malaria 
using a primaquine derivative with a high therapeutic index ratio in terms of methemoglobin 
formation. 

In another embodiment, the present invention relates to a method of treatment of malaria 
using a primaquine derivative which causes oxidation of glutathione (GSH) to a lesser extent. 

In another embodiment, the present invention relates to a process for the preparation of 
the primaquine derivative of formula (1). 

In a further embodiment, the present invention relates to a method of treatment of malaria 
using primaquine derivative N 1 - (3-Ethylidinotetrahydrofuran-2-one)-N 4 - (6-methoxy-8- 
quinolinyl)-l,4-pentanediamine as a gametocytocidal agent. 

The process for the preparation of primaquine derivative used in the present comprises 
the synthesis of enaminone: N 1 -(3-ethylidinotetrahydrofuran-2-one)-N 4 -(6-methoxy-8- 
quinolinyl)-l,4-pentanediamine by reaction of 8-(4^amino-l-methylbutylamino)-6-methoxy 
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gui „on„e (pn^uine, w,,n 3-ace, yl .«,ac,o„e in presence o f a oase in ca^ic a m „u„, 

u.^^c^ntPYlhv the following scheme. 

The reaction may u& .w H i^— j 



MeO 





CH 3 



(2) 



MeO 




CH 3 



CH 2 



CH2-CH2-CH2— N 
H 




O 



(1) 



The following example illustrates the details of the process of this invention: 

The following e p , 6 . me thoxy-8-quinolinyl)-l,4-pentanediam.ne 

solvent like propanol. Yield 0.89g, m.p. 1 18-120°C. 
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GametocytQciMactiyi^: were allowed to feed 
^ .u. „o m .tncvtncidal test, batches of 3-4 day o.u «... — 1»- - 

on p. cynomoigi administered to the monkeys at 

the control (present, feedmg, compound of formula J ^ ^ rf 

W m^tt3-*-»»^'"'-^^ (H1 hours) . Mosq ui,oes were 
hatches of heahhy mosquitoes was done a, 

maintained as 2 6± _rC under optima, insectary — • ™ ^ ^ „ record the 
counts were recorded on day 8. Mosquttoes were further — 
formation of sporozoites and the absenee of sporozones m some of the 

by —on of mosquito homogenates into native monke y, ^ ^ ^ 

^ The gametocytocida, activtty of compound of formuM ) 

^ th P nre treatment mosquito infectivity results for these monKey* 
monkeys and the pre-treatment q ^ ^ per ^ 

number :rrr ~ — — — - . — 

in ^: V To « mX dol Led isnifean, reduction ,n oocyst number and the per cent 

treated at 0.63 mg/kg dose slto s corresponding control feedings at - 

infectivity at + 5h and + 24h post-treatment compared «o the corre po g 

,„, Salivary giand dissections of the mosquitoes from hese «*- « ^ 

presence of sporozoites, thus indicating that oocyst ^'^'7^ af J drog 

NO oocysts were observed over the midguts from mosqu.toe fed a, 

administration norwere any sporosoi.es seen intheir salivary gland, ^ ^ 

rdentical resuits were obtained in the efficacy tests at .25 mg/kg . 
mg *g ,„ 2/2 moneys and a, 2, mg/kg in 2/3 monkeys. The mosquu — <* 
post-treatmen, showed marked « inthe ^ — > ^ giands 
,o complete the sporogenic cycie as ,nd,cat«l by the presence p 
on day 15-16. The mosquito batches fed on these monkeys a. +24 nr. and 
any oocysts nor were any sporoi.es demonstrab.e in their salivary glands. 

The oocys. developmen, was completely blocked in the mosq .to b»ch^ ( 

~f tVi- three monkeys treated at 2.5 mg/Kg, ^ J 
well as +24 hr post-treatment) m one of the ^ the salivary gland 

treated at 3.75 mg/kg and 3/3 monkeys treated at 5^ n^g do- ^ ^ ^ 

dissections fromthese batches carried out between days 14-20 post ,nf 

«;t« The asexual parasitaemia and gametocytaemia leve.s tor 
not show any sporozoites. The asexual pa nersistin « in circulation at 

• ToKU 1 Althoueh the gametocytes were persisting in ^ 
monkeys is also shown « Table 1 Although g g . ^ 

+ 24 hr. and +48 hr. post-treatment, these gametocytes were not infective 
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■ l.uc r»A nn the vehicle control monkey at -lhr, 
Seated by the absence of oocysts. Mosaic batche fed on * ; v ^ 

„ ... „„,< 4-77 br showed consistently mgn per ce,. ~ 

+24 nr., "^ho in. unu • 

" "tests were carried out to ensure that there was ^ 
ntonkeys. Homogenates of ,0,0 mosses each »om > ^ ^ 

native Rhesus monkeys. None of , mromi ,es in these batches (Table 1). 

— s -rr:rr r^r^n-. - - — 

. varying — after admimstration of — " ^ ^ dose dependant as 

of mosouito infectivity and oocyst developme Tta eff <* ^ ^ 

complete inhibition was obtained at + 48 ht. w«h , 35-2.50 ^*g ^ ^ 

of 3.75 and 5.00 mg/kg rendered mature gametocytes «nfe*ve ° ^ 

h ours. This rapid dec.ine of the mos^to ^^^J^ 

drug. The persisting gametocytes ctrculatmg a. 24-48 ^ ^ 

0) , rested monkeys were non-infective to mosau.toes. Stud.es w, h p , 

3 16 mgfltg dose produced ^^Z^^ sporogomc cycie tn 

nearly 98 h - of infect^ <* —a („ a, .0-50 mg.g dose 

24-96 hr. old oocysts exposed to the action H 

indicates absence of sporontocidal/oocysticidal action of the drug (Tabic III). 

M£iteB! ogl r.hin To.icifT Studie s formJ dajTLJnJSMmU^ 
C SJ n a arision_o^^ 

"^^dogs have been used for obtaintng data on the methaemogiobin formation 
fohowing treatment with compound of fo™uU(.)orpnma,ume. ^ ^ 

Coiony bred beagle dogs were maintatned m the kennel house o 

, into five experimental groups ab u Cl 

with a standard diet. Fourteen dogs were dmded 

below: 

Group 1. Three dogs 
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Primaquine @ 1 .0 mg/kg (base) x 7 days 

Group n nuw-^e- 

Primaquine @ 3 .0 mg/kg (base) x 7 days 



Orouo III Three dogs 

C„mpoundofformula(l)@125mg*s(base)x7days 

arnuoIV Three dogs 

Co m pou„do f fo rm u,a( 1 ) @ 3,5 mg * g (baseO X 7aa yS ^ % 

Primaquine or compound of formula 0) - - followed by 5 

m e t hy, cellulose solution and adhered oral y m - — ^ 

the day of the first dose bemg day 0. The animals , 3 ^ 25 using 

vomitting. , — was ^^JS^Il'-^--*.-- 

potassium-oxalate crystals as anttcoagulan, AU the esttma ^ ^ 

day of collection of b.ood. Myoglobin was assayed by the me* ^ 

(1 3S, , Biol. Chen,- ,26, 655-662). These values « ™ mg/kg) P , he mea „ 

. ;„o+ p rvnomolei in monkeys, (Group 1, i." » ©/. 

— - ratiVe 3 Ifd nTy 7 There was then a gradua, decline in Met-Hb 

Met .„b values increased by fold y adfflinistered 
vata esbyday25, b u,.heleve,was,..,2.0M hep^ ^ ^ ^ ^ ^ 

a , ,hree times the curative dose (Group II, 3.0 mg/kg) ^ ^ ^ 

correspond day 0 value, and the elevated tee (Group ffl : 1.25 

fold h,gher than pretreatmen, v*es on day « . Comp ^ ? ^ ^ ^ 

mg * g) only marginal* increased <he Me -I* J , „ ^ the 

(2 , fo ,d) over the pretreatmen, vahtes on y 2, M ^ ^ ^ rf pnB-Mii , 

r.~ ^ T ~"^v,^— ----- 

,evel within the normal limits. ^ ^ 2 ? foW , QWer with te st 

Thus on day 7 of the curattve do, e^U M ^ ^ ^ 

impound as compared to pnmaaum . I« ^ 
formation with the test compound was 3 .6 fold lowe 

Dnlg induced haemolysis is a serious comphca tton m^e ^ ^ ^ 

enzyme. The presence of reduced glutathtone (GSH) of GSH level are safe. The 

o7dative metabolites. Therefore, drugs, which cause lesser cudatton 
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level « d gl u.athione in Chrocytes o f healthyand ^^2^^ 

after incubation with PQ and compound of formula (') 
. v, r « PD deficiency was detected by the fluorescent spot S o.ee.„., 8 ^ 

rr-: rrr- — — - trrrrr 

One ml. ahquots of washed ceils we ^ tQ 

< „/ m i We of PO diphosphate and equivalent closes ran g u g 
ranging from 1 to 5 ug/ml base of PQ dp P ^ 3 ^ QSH 

Blood Glutathione, J. Lab. Clin. Med., 61. 882-888 (1963)]. 

h vte CSH levels in the controls (without drug) were significantly lower in 
Mean erythrocyte GSH levels in me ^ nnrma i s (49 91+4.49 

• oi c oq s+1 86me%) as compared to the normals 

the G-6-PD deficient individuals (29.5±i.»omg7o, 

m S % )- j fpn showed a fall in GSH levels, which 

NorntaU^oeytes exposed to different do.so PQsh^ a ^ 

reach ed statistica, si g „ifrcance at —on » ^ ~ - ^ ^ ^ 

compound 1 showed significant decrease tn OSH levels only 

<TaWe ^ concentration of * ^ and 5 0 ^of PO - ^ 

formula ( 1) in 0.-PO deficient ^^V^ i„ other control, 

Percentage decrease in GSH levels was P Statistically significant 

Oocytes treated with PQ as compared to corned. ^ ^ to , he 
decreases were observed a. concentrattons of 25 ug/mV «d ^ y 
equivalent doses of test compounds in both normal and O-6-PD 



and VI). 
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No. of mosquitoes Oocyst No. per gut 
infected/dissected (Mean +.SD) 
(% infectivity) 



063 


- 1 hr 

-4- ^ hr 
i j ill 

+ 24hr 
+ 48hr 


48816 

30024 
23220 


1.25 


-lhr 

+ ^ hr 
i j ill 

+ 24 hr 
+ 48hr 


126965 

103846 
15914 


1.25 


-lhr 

+ j ni 
+ 24hr 


23712 
21204 


1.87 


- lhr 

t H III 

+ 24hr 
+ 48hr 


33602 

18020 
7208 


1.87 


- 1 nr 
+ 4hr 
+ 24hr 
+ 48hr 


61 560 

42180 
5130 


2.50 


- 1 hr 
+ 4hr 
+ 24 hr 
+ 48hr 


33578 

45320 
18025 


2.50 


- lhr 
+ 5hr 
+ 24hr 


135464 
96642 


2.50 


- lhr 
+ 5hr 
+ 24hr 


38081 
31075 


3.75 


- lhr 
+ 4hr 
+ 24hr 


55728 
55808 



1404 
756 

1895 

1516 
109 

1026 

486 

1166 

530 
212 

1026 

798 
228 

1442 

927 
206 

4130 

2478 

2147 

1243 

1296 

540 



27/30 
23/51 
15/46 
0/24 

34/38 
12/57 
0/36 
0/24 

20/47 
15/70 



(90.0 ) 
(45.1 ) 
(32.61) 
(0) 

(89.57) 
(21.05) 
(0) 
(0) 

(42.55) 
(21.43) 



0/30 


(0) 


25/30 


(83.33) 


6/40 


(15.00) 


0/27 


(0) 


0/24 


(0) 


23/25 


(92.0 ) 


18/31 


(58.06) 


0/38 


(0) 


0/21 


(0) 


36/46 


(78.26) 


20/33 


(60.61) 


0/29 


(0) 


0/21 


(0) 


26/28 


(92.86) 


11/30 


(36.67) 


0/30 


(0) 


29/37 


(78.38) 


0/33 


(0) 


0/44 


(0) 


26/27 


(96.30) 


0/25 


(0) 


0/28 


_J0) 



86.74 ± 39.2 
10.22 ± 6.8 
2.93 ± 2.4 
Nil 

22.35 ±11.8 
2.17 ± 1.7 
Nil 
Nil 

14.40 ± 7.29 
2.60 + 1.7 



28.20 ± 18.9 
1.17 ± 0.4 
Nil 
Nil 

80.69 ±35.7 
13.00 ± 12.3 

Nil** 

Nil 

13.72 ±9.5 
2.90 ± 2.2 
Nil 
Nil 

125.77 ±62.8 
4.64 ± 2.8 
Nil 

55.79 ±41.0 
Nil** 
Nil** 

22.35 ± 15.8 
Nil 
Nil 
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3.75 


- 1 hr 

+ 4hr 
+ 24hr 


25894 


i mn 

535 


15/22 
0/21 
0/21 


(68.18) 

(0) 
(0) 


3.75 


- lhr 
+ 5hr 
+ 24hr 


68320 
26108 


2318 
366 


33/40 
0/30 
0/30 


(82.50) 

(0) 

(0) 


3.75 


- 1 hr 
+ 4hr 
+ 24hr 


48336 
65084 


954 
1696 


22/22 
0/41 
0/27 


(100.0) 

(0) 

(0) 



22.00 ± io.j 
Nil 
Nil 

60.64 ± 35.4 
Nil** 
Nil** 



Table II 



Gametocytocidal Activity of Primaquine 

Day 7 oocyst record 



Dose 
mg/kg 



Time of Parasitaemia/mm J 

mosquito 

Aspxual Game tocvt es 



1 . 


OOmg/kg 


-1 hr 


3 616 6 


142 8 






+ 5 hr 










+ 24hr 


28048 


526 






+ 48hr 


15332 


234 


1 . 


OOmg/kg 


-1 hr 


42394 


5152 






+ 5 hr 










+ 24hr 


26832 


3256 






+ 48hr 


12140 


635 


3 


. 16mg/kg 


-1 hr 


29680 


1230 






+ 5 hr 










+ 24hr 


23112 


749 


3 


. 16mg/kg 


-1 hr 


16824 


1026 






+ 5 hr 










+24hr 


21204 


670 



No. of mosqui- 
toes infec- 
ted/dissected 
(%inf ect ivity) 



oocyst no. 
per gut 
(Mean+SD) 



32/40 


(80 . 


0) 


17 . 


13+10 . 


0 


3 2/44 


(72 . 


7) 


1-5 . 


6 9+ 7 . 


2 


0/55 


(0) 






Nil 




0/40 


(0) 






Nil 




25/34 


(72 . 


53) 


37 . 


14+16 . 


6 


36/46 


(78 . 


26) 


34 . 


08 + 14 


7 


3/45 


(6 . 67) 


2 


17+ 1 


. 7 


0/40 


(0) 






Nil 




37/51 


(72 


. 55) 


57 


.59+31 


. 0 


0/53 


(0) 






Nil 




0/33 


(0) 






Nil 




20/47 


(42 


.55) 


24 


.4 + 7 


. 2 


15/46 


(32 


.61) 


2 


. 6 + 1 . 76 


0/43 


(0) 






Nil 
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Table III : Effect of Compound 1 on developing oocysts of P. crynomolgl 
An. Stephen?; L mosquitoes 



Age of Mosquito feeding Day 8 oocyst record 

Infection in on drug treated*/ 

mosquitoes control monkey No. of mosquitoes oocyst number 

infected/dissec- gut (Mean+SD) 

ted (%inf ec tivity ) 



2 4 


hr 


1 Omg / kg 


17/20 


(85.00) 


144 . 47 + 60 . 


3 5 






Control 


15/18 


(83 .33) 


133 . 33 + 62 . 


30 






5 Omg / kg 


23/27 


(85 . 19) 


6 7 . 0 0 + 43 . 


58 






Control 


29/36 


(80 . 56) 


66 . 00+43 . 


48 


48 


hr 


1 0 mg / kg 


20/20 


(100 .0) 


133 .20+96 


22 






Control 


19/21 


(90 . 48) 


124 . 05+65 


85 






50mg/kg 


26/33 


(78 .79) 


46 . 15+36 


. 70 






Control 


28/34 


(82 .35) 


42 . 57 + 35 


. 27 


72 


hr 


lOmg/kg 


22/25 


(88 . 00) 


20 . 36+17 


. 81 






Control 


23/28 


(82 . 14) 


26 . 83+19 


. 00 






5 Omg /kg 


25/29 


(86 . 21) 


27 . 16 + 20 


. 60 






Control 


22/32 


(68 .75) 


26 . 59+22 


. 05 


96 


hr 


5 Omg /kg 


18/26 


(69.23) 


4 0 . 3 3 + 27 


. 38 






Control 


19/25 


(76 . 00) 


47 . 42 + 28 


. 46 



* Mosquitoes with 24-96 hr old oocysts were allowed to engorge blood 
from naive monkey administered compound lat -7 hr of the mosquito 
feeding 

** Patent infection developed on days 9-10 in naive monkeys upon 
inoculation of 10 mosquitoes' homogenates . 
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Table IV: Methaemoglobin levels (g%) in Beagle dogs after treatment with Primaquine and 

compound I. 



Group Treatment D^O D^yl ^7 Day 13 Day 25 

T Primaquine 0.65 ± 0.03 0.85 ± 0.13 02.39 ± 0.23 1.98 ±0.34 1.33 ±0-0 

1.0mg/kg 

2. Primaquine 0.74 ±0.07 1.94 ±0.33 7.81 ± 1.48 5.51 ± 1.03 1.86 ±0-0 

1.0 mg/kg 

3. Compound 1 0.53 ±0.11 0.87 ±0.17 0.89 ± 0.29 1.04 ±0.07 1.26 ±0.19 
1.25 mg/kg 

4. Compound 1 0.66 ±0.15 1.0 ±0.19 2.14 ±0.89 1.66 ±0.52 1.18 ±0.14 
3.75 mg/kg 

5. Compound 1 0.64 ±0.09 0.46 ±0.09 0.74 ±0.01 0.65 ±0.10 0.83 ±0.£ 

1 .0 mg/kg 



DayO = Start of drug treatment 
Day 3 = After three doses 
Day 7 = 1 day after last dose of drug 
Day 13 = 7 days after last dose of drug 
Day 25 = 19 days after last dose of drug 
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Table V: GSH levels in normal erythrocytes with different doses 


of primaquine and equivalent 


doses of compound 1 . 






Primaquine 


Compound 1 




Dose (ug/ml) 


GSH (mg%) 


Dose (ug/ml) 


GSH (mg%) 




(Mean ± SE) 




Mean ± SE 


Control 


49.91 ± 4.49 


Control 


49.91 ± 4.49 


(No drug) 




(No drug) 




1.00 


43.50 ± 5.70 


1.25 


44.08 ± 5.80 


5.00 


39.00 ± 6.16 


6.25 


42.50 ± 5.85 


10.00 


29.67 ± 6.49 


12.50 


38.25 ± 5.68 


25.00 


19.42 ± 2.83 


31.25 


31.00 ± 5.15* 


50.00 


10.37 ± 1.57 


62.50 


32.75 ± 5.39* 



* Comparison of equivalent doses of compound 1 with primaquine * PO.05** PO.01 



Table VI: GSH levels in G-6-PD deficient erythrocytes with different doses of primaquine and 
equivalent doses of compound 1. 





Primaquine 


Compound 1 




Dose (ug/ml) 


GSH (mg%) 


Dose (ug/ml) 


GSH (mg%) 




(Mean ± SE) 




Mean ± SE 


Control 


29.50 ± 1.86 


Control 


29.50 ± 1.86 


(No drug) 




(No drug) 




1.00 


25.75 ± 2.17 


1.25 


26.04 ± 2.20 


5.00 


19.17 ± 1.50 


6.25 


23.42 ± 1.66 


10.00 


14.83 ± 1.89 


12.50 


20.00 ± 1.73 


25.00 


10.50 ± 1.52 


31.25 


17.17 ± 1.81* 


50.00 


9.00 ± 1.94 


62.50 


16.62 ± 1.84* 



* PO.05. Comparison of compound 1 with primaquine 



